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Abstract
We build a supersymmetric version with SU(2)L⊗U(1)Y ′⊗U(1)(B−L)
gauge symmetry, where Y ′ is a new charge and (B) and (L) are the usual
baryonic and leptonic numbers, respectivelly. The model has three right-
handed neutrinos with non identical (B − L) charges. We will use the
superfield formalism in order to build our lagrangian. We can accommo-
date all fermion masses at the tree level. In particular, the type-I see-
saw mechanism is implemented for the generation of the active neutrino
masses.
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1 Introduction
The generation of neutrino masses is an important issue in any realistic exten-
sion of the standard model (SM) and in general, the values of these masses that
are needed to explain all neutrino oscillation data are not enough to put strong
constraints on model building. It means that several models can induce neu-
trino masses and mixing compatible with experimental data [1]. So, instead of
proposing models built just to explain the neutrino properties, it is more useful
to consider what are the neutrino masses that are predicted in any particular
model which has motivation other than the explanation of neutrino physics.
Recently, it was proposed an interseting model where the symmetry U(1)(B−L)
where we introduce three right-handed neutrinos must be added to the matter
representation content. Explicit solutions for the (B−L) parameters show that
at least two types of model arise: i) the model with three right-handed neutri-
nos having (B−L) = −1; ii) the model with two right-handed neutrinos having
(B − L) = −4 and the third one having (B − L) = 5 [2].
The supersymmetric version of this model with three identical neutrinos was
presented in Ref. [3]. In this article we are going to present the supersymmetrics
version for this kind of model with three non identical neutrinos where two right-
handed neutrinos having (B − L) = −4 and the third one having (B − L) = 5
[2].
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The outline of this paper is as follows: In Sec.(2) we present the model, in
Sec.(3) we define a R-Parity in such way that neutrinos and neutralinos are
distinguish particles. At Sec.(4) we present the lagrangian of this model in the
superfield formalism and after it we calculate the masses to the all usual leptons
and at the end we present our conclusions.
2 The Model.
The symmetry in this model is [2]
SU(2)L ⊗ U(1)Y ′ ⊗ U(1)(B−L), (1)
and the charge operator is given by
Q
e
= I3 +
1
2
[Y ′ + (B − L)] . (2)
We also assume that (L) assignment is restricted to the integer numbers, the
anomaly cancellation imply only three right-handed neutrinos can be added to
the minimal representation of SM.
We will build the supersymmetric case of the three non identical neutrinos
and we will not discuss the quarks because, they are the same as presented at
[2, 3, 4].
We start introducing the leptons of our model, as usual in supersymmetric
models, in the following chiral superfields (i = 1, 2, 3, is a familly indices):
LˆiL =
(
νˆi
lˆi
)
L
∼ (2, 0,−1), EˆiR ∼ (1, 1, 1),
(3)
in parenthesis it appears the transformations properties under the respective
factors (SU(2)L, U(1)Y ′ , U(1)(B−L)).
We will introduce three right-handed (they are also known as “Sterile Neu-
trinos”, for more detail see [5].) neutrinos
Nˆ1R ∼ (1, 5,−5), NˆβR ∼ (1,−4, 4),
(4)
where β = 2, 3.
The Higgs sector of this model, we have the usual doublet Hˆ1,2
Hˆ1 =
(
hˆ+1
hˆ01
)
∼ (2, 1, 0), Hˆ2 =
(
hˆ02
hˆ−2
)
∼ (2,−1, 0), (5)
while their vev as usual are given by:
〈H1〉 = v1√
2
, 〈H2〉 = v2√
2
. (6)
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We need to enlarge the scalar doublet sector adding four new scalars
Φˆ1 =
(
φˆ01
φˆ−1
)
∼ (2, 5,−6), Φˆ′1 =
(
φˆ′+1
φˆ′01
)
∼ (2,−5, 6),
Φˆ2 =
(
φˆ02
φˆ−2
)
∼ (2,−4, 3), Φˆ′2 =
(
φˆ′+2
φˆ′02
)
∼ (2, 4,−3). (7)
The vevs of the new scalars can be written in the following form:
〈Φ1〉 = u1√
2
, 〈Φ′1〉 =
u′1√
2
, 〈Φ2〉 = u2√
2
, 〈Φ′2〉 =
u′2√
2
. (8)
In order to obtain an arbitrary mass matrix for the neutrinos we have to
introduce the following additional singlet
ϕˆ1 ∼ (1, 8,−8), ϕˆ2 ∼ (1,−10, 10). (9)
The vevs of the new scalars can be written in the following form:
〈ϕ1〉 = w1√
2
, 〈ϕ2〉 = w2√
2
. (10)
We could introduce
ϕˆ3 ∼ (1,−1, 1), (11)
and this new scalar would induce mixing in the right handed neutrinos sector,
we can avoid this mixing term with R-Parity, as we will discuss at Sec.(3) and
Eq.(22).
Concerning the gauge bosons and their superpartners, they are introduced
in vector superfields. See Table 1 the particle content together with the gauge
coupling constant of each group.
Group Vector Gauge Gaugino Auxiliar constant
SU(2)L Wˆ
i W i W˜ i DW g
U(1)Y ′ bˆY ′ bY ′ b˜Y ′ DY ′ gY ′
U(1)B−L bˆBL bBL b˜BL DBL gBL
Table 1: Information on fields contents of each vector superfield of this model
and their gauge constant.
These are the minimal fields, we need to construct this supersymmetric
model.
3 R-Parity.
Let us begining defining the R-parity in the model with the particle content
listed above. We define at Tab.(2) the R-charge (nΦ)
1 of each superfield in our
1Here Φ means chiral superfield as defined at [7, 8, 9, 10].
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model. Using these R-charges we can get the R-Parity of each fermion field
contained in these chiral superfield these results we shown at Tab.(3).
Superfield LˆiL EˆiR Nˆ1R NˆβR Sˆ
R− charge nL = 1 nE = −1 nN1 = −1 nNβ = −1 nS = 0
Table 2: Information about the R-charge (nΦ) of all the chiral superfields of
this model, our notation here S = H1,2,Φ1,2,Φ
′
1,2, ϕ1,2.
(B − L) −5 4 −6 6 3 −3 −8 10
Fermion N1R NβR Φ˜1 Φ˜
′
1 Φ˜2 Φ˜
′
2 ϕ˜1 ϕ˜2
R − Parity +1 +1 −1 −1 −1 −1 −1 −1
Scalar N˜1R N˜βR Φ1 Φ
′
1 Φ2 Φ
′
2 ϕ1 ϕ2
R − Parity −1 −1 +1 +1 +1 +1 +1 +1
Table 3: Information about the (B −L) quantum number and R-Parity of new
fields, fermions and scalars, of this model.
4 Full Lagrangian
With the superfields presented at Sec.(2), we can built a supersymmetric in-
variant lagrangian in the superfield formalism [7, 8, 9, 10]. It has the following
form
L = LSUSY + Lsoft. (12)
Here, as usual, LSUSY is the supersymmetric piece, see Sec.(4.1), while Lsoft
explicitly breaks SUSY, see Sec.(4.2).
4.1 Supersymmetric Piece
We can rewrite each term appearing in Eq.(12), in the following way
LSUSY = Llepton + Lscalar + Lgauge + Lquark, (13)
the last two terms above, Lgauge,Lquark, are the same as presented at the su-
persymmetric model with three identical neutrinos presented in [3].
The first term, Llepton, written at Eq.(13) is given by:
Llepton =
[∫
d4θ
(Lchar + LN1 + LNβ)
]
, (14)
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where we have defined
Lchar =
3∑
i=1
[
ˆ¯LiLe
2[gWˆ+gBL(− 12 )bˆBL]LˆiL +
ˆ¯EiLe
2[gY ′( 12 )bˆY ′+gBL(
1
2 )bˆBL]EˆiL
]
,
LN1 = ˆ¯N1Le2[gY ′( 52 )bˆY ′+gBL(
−5
2 )bˆBL]Nˆ1L,
LNβ =
3∑
β=2
ˆ¯NβLe
2[gY ′(
−4
2 )bˆY ′+gBL(
4
2 )bˆBL]NˆβL .
(15)
In the expressions above we have used Wˆ = (T aWˆ a) where T a = (σa/2) (with
a = 1, 2, 3) are the generators of SU(2)L while gY ′ and gBL are the gauge
constant constants of the U(1)Y ′ and the U(1)(B−L) and those gauge coupling
constants are related with gY , the SM U(1)Y coupling constant, by the following
constraint
1
g2Y
=
1
g2Y ′
+
1
g2BL
, (16)
as presented at [2, 3].
The second term Lscalar , written at Eq.(13), is rewritten in following way
Lscalar =
[∫
d4θ
(LH1,H2 + LΦ + Lϕ)
]
+
(∫
d2θW + hc
)
, (17)
where we have defined
LH1,H2 = ˆ¯H1e2[gWˆ+gY ′( 12 )bˆY ′ ]Hˆ1 + ˆ¯H2e2[gWˆ+gY ′(
−1
2 )bˆY ′ ]Hˆ2,
LΦ = ˆ¯Φ1e2[gWˆ+gY ′( 52 )bˆY ′+gBL(
−6
2 )bˆBL]Φˆ1 +
ˆ¯Φ
′
1e
2[gWˆ+gY ′(−52 )bˆY ′+gBL(
6
2 )bˆBL]Φˆ′1
+ ˆ¯Φ2e
2[gWˆ+gY ′(
−4
2 )bˆY ′+gBL(
3
2 )bˆBL]Φˆ2 +
ˆ¯Φ
′
2e
2[gWˆ+gY ′( 42 )bˆY ′+gBL(
−3
2 )bˆBL]Φˆ′2,
Lϕ = ˆ¯ϕ1e2[gY ′(
8
2 )bˆY ′+gBL(
−8
2 )bˆBL]ϕˆ1 + ˆ¯ϕ2e
2[gY ′(
−10
2 )bˆY ′+gBL(
10
2 )bˆBL]ϕˆ2. (18)
W is the superpotential of this model and it is given by
W =
W2
2
+
W3
3
, (19)
where
W2 = µH
(
Hˆ1Hˆ2
)
+ µΦ1
(
Φˆ1Φˆ
′
1
)
+ µΦ2
(
Φˆ2Φˆ
′
2
)
, (20)
Remember
(
Hˆ1Hˆ2
)
≡ ǫαβHα1 Hβ2 is the usual doublet contraction as done in
the MSSM. The free parameter µH , µΦ1 , µΦ2 are, in general, complex numbers
and we can have CP violation interactions [9, 10].
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The case of three chiral superfields the terms are2
W3 =
3∑
i=1

 3∑
j=1
f lij
(
Hˆ2LˆiL
)
EˆjR + f
ν
i
(
Φˆ′1LˆiL
)
Nˆ1R +
3∑
β=2
fνiβ
(
Φˆ′2LˆiL
)
NˆβR


+ fN ϕˆ2Nˆ1RNˆ1R +
3∑
α,β=2
fNαβϕˆ1NˆαRNˆβR.
(21)
In general all the Yukawa terms defined above are complex numbers; they are
symmetric in ij exchange and they are dimensionless [9, 10].
We see that the neutrinos N1 and Nβ, their (B − L) quantum number are
not equal, therefore we can not introduce the following term
ϕˆ3Nˆ1RNˆβR, (22)
because it will violate our R-Parity introduced at Sec.(3).
The superpotential, defined at Eq.(19), forbid the term like uˆdˆdˆ it is good
because they generate the following processes, at tree-level, that contributes to
the nucleon instability:
1. proton decay;
2. neutron-antineutron oscillation.
Leptogenesis [11] is a term for a scenario where new physics generates a lepton
asymmetry in the Universe which is partially converted to a baryon asymmetry.
In the review [12] we learned that the introduction of singlet neutrinos with
Majorana masses and Yukawa couplings to the doublet leptons fulfills Sakharov
conditions. Then we can expected in explain the matter asymmetry with this
new model as done in [11, 13].
4.2 Soft Terms to Break Supersymmetry
The soft terms, as defined at [7, 8, 9, 10], are given by:
LSoft = LGMT + LSMT + LInt,
(23)
where the term LGMT , known as gaugino mass term, is identical as presented
at [3].
The term LSMT , known as scalars mass term, is given by:
LSMT = −

 3∑
i=1
[
M2L|L˜i|2 +M2l |E˜i|2
]
+M2N1 |N˜1|2 +
3∑
β=2
M2Nβ |N˜β |2
2The terms with quarks were omitted but they are the same ones given at [3].
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+ M2H1 |H1|2 +M2H2 |H2|2 +M2Φ1 |Φ1|2 +M2Φ′1 |Φ
′
1|2 +M2Φ2 |Φ2|2
+ M2Φ′
2
|Φ′2|2 +M2ϕ1|ϕ1|2 +M2ϕ2|ϕ2|2
)
+ [βH (H1H2) + βΦ1 (Φ1Φ
′
1)
+ βΦ2 (Φ2Φ
′
2) + hc] ,
(24)
where |H1|2 ≡ H†1H1 and we can redifine
βH = BHµH , βΦ1 = BΦ1µΦ1 , βΦ2 = BΦ2µΦ2 . (25)
Notice that in the last line at equation above has the same term as introduced
at Eq.(20) with the the chiral superfield replaced by their scalars.
Before we continue, it is useful to remeber that the scalar mass termsM2L and
M2l are in general hermitean 3×3 matrices in generation space [9, 10]. It is very
well known that the SUSY flavor problem occurs because the transformation
that diagonalizes the fermion mass matrix does not simultaneously diagonalize
the corresponding sfermion mass squared matrices.
The last term defined at Eq.(23), LInt has the same term as introduced at
Eq.(21) with the the chiral superfield replaced by theis scalars, is written as
LInt =


3∑
i=1

 3∑
j=1
Alijf
l
ij
(
H2L˜iL
)
E˜jR +A
ν
i1f
ν
i
(
Φ′1L˜iL
)
N˜1R
+
3∑
β=2
Aνiβf
ν
iβ
(
Φ′2L˜iL
)
N˜βR

+AM11fNϕ2N˜1N˜1
+
3∑
α=2
3∑
β=2
AMαβf
N
αβϕ1N˜αN˜β + hc

 . (26)
The A-terms are known to play an important role in Affleck-Dine baryogene-
sis [7, 8], as well as in the inflation models based on supersymmetry [14, 15, 16].
5 Fermion Masses
We will now discuss how to generate masses to all fermions, we will not to
present the quarks, this case can be found at [3].
5.1 Charged Lepton Masses
The masses of the charged leptons is given by:
f lijh
0
2liEj + hc. (27)
This expression is using Weyl-spinors. We are going to define the following
Dirac four components spinors
Ea =
(
la
E¯a
)
, (28)
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where a = e, µ, τ means the physical eigenstates while i = 1, 2, 3 are the sym-
metry eigenstates and thei are relationed by
la = V
L
ai li,
Ea = V
R
aiEi, (29)
Using the spinors defined at Eq.(28) the mass term become
M ldE¯aREaL + hc. (30)
where M ld = diag(me,mµ,mτ ) is the diagonal mass matrix of the charged lep-
tons.
5.2 Neutrino masses
The terms contributing to the neutrino masses are:
− [fνi (Φ′1LiL)N1R + fνiβ (Φ′2LiL)NβR + fNϕ2N1RN1R + fNαβϕ1NαRNβR + hc] . (31)
The first two terms give Dirac masses term, while the last two terms give Ma-
jorana masses terms to the neutrinos.
Using the base
Ψ0 =
(
ν1L ν2L ν3L N1R N2R N3R
)T
, (32)
we can write the mass matrix to neutrino as(
03×3 MD
MTD MM
)
, (33)
the mass matrix leads to the following mass, for light MνL and heavy M
ν
P ,
neutrinos we can write the following expressions
MνL ≈ − (MD)T (MM )−1MD, MνP ≈MM , (34)
and we see that it can generate the type I seesaw mechanism.
Using angle Ξ defined as
tanΞ =
u′2
u′1
, (35)
we can write MD in the following way
MD =
u′1
2
√
2

 f
ν
1 f
ν
12 tanΞ f
ν
13 tanΞ
fν2 f
ν
22 tanΞ f
ν
23 tanΞ
fν3 f
ν
32 tanΞ f
ν
33 tanΞ

 , (36)
if Ξ = (π/2)rad our matrix is identical to the MD presented at Ref. [6].
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In order to write MM , first we have to defined Γ,Ω though the following
ratios
tanΓ =
w1
u′1
,
tanΩ =
w2
u′1
, (37)
using these new parameters we get
MM =
u′1
2
√
2

 f
N tanΩ 0 0
0 fN22 tanΓ f
N
23 tanΓ
0 fN32 tanΓ f
N
33 tanΓ

 , (38)
our matrix is identical to the MM presented at Ref. [6].
We can conclude our model is also compatible with the observed solar and
atmospheric mass scales and the tribimaximal mixing matrix, for more details
see Ref. [6], their Sec.IV.
6 Conclusions
We presented the Supersymmetric version of the model with three distintics
right handed neutrinos presented at [2]. This model has some interesting facts
such as we can generate neutrinos masses via see-saw mechanism; they preserve
the R-parity, therefore the neutrinos and neutralinos are distint particles and
due this fact the lightest supersymmetric particle (LSP) is stable and the sparti-
cles are pair produced in any collider experiment and it is also a good candidate
for Dark Matter in Universe; we can generate a viable Leptogenesis scenario due
the Majorana phases in the sneutrnio mass matrix that will induce the decay
of Heavy Neutrinos in leptons plus usual scalars generating in this way more
leptons than antileptons. We think that these models have som nice predictios
that could be explored in the near future.
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